eas, this "interpretational" view envisions sensory activ-
the virtual circle at 6 rpm (36 deg/s). Readers may compare rivalry alternations with moving versus stationary ity being "steered and modified by central brain structargets by navigating to http://www.psy.vanderbilt.edu/ tures involved in planning and generating behavioral faculty/blake/rivalry/bistable.html. Among 13 observers actions" (p. 254, Leopold and Logothetis, 1999). Evitested, there were large individual differences in average dence in support of this account includes the influence rates of rivalry, as indicated by the scatter of data points of global/meaningful context on binocular rivalry (Walker, in Figure 1B (each plotted point corresponds to alterna-1978; Kovacs et al., 1997; Logothetis, 1998) as well as tion rates for a given observer). This range of individual the existence of widespread neural activity in extrastridifferences in alternation rate is entirely characteristic of ate visual areas and in frontalparietal regions at the time binocular rivalry and other forms of bistable perception of spontaneous reversals in dominance during binocular (e.g., Pettigrew, 2001 ). Nonetheless, dominance durarivalry (Lumer et al., 1998) and during viewing of ambigutions for all individuals during the "moving" condition ous figures (Kleinschmidt et al., 1998).
were typically quite long compared to their "stationary" One fruitful strategy for examining the possible causes durations, resulting in significantly reduced alternation of perceptual fluctuations is to identify conditions that rates when the rival targets moved. In fact, one observer affect the rate at which those fluctuations occur. Deexperienced in rivalry but naive about the experiment's cades ago, Orbach et al. (1963) reported that spontanepurpose aborted her first moving trial after about 45 s, ous fluctuations in the perspective appearance of a mistakenly believing that a computer error had resulted Necker cube could be minimized by intermittent presenin presentation of only one of two rival targets. Incidentation of the inducing figure; indeed, under certain conditally, the slowing of rivalry is not attributable to the simtions of intermittency, the appearance of the Necker ple, meaningless shapes of the two competing geometcube could be essentially stabilized such that no reverric forms--significantly slower alternation rates were sals in perception were experienced. In a recently pubalso measured using moving rival targets consisting of lished paper, Leopold and colleagues (Leopold et al., a face viewed by one eye and a house viewed by the 2002) replicated this arresting phenomenon and showed other (X symbols, Figure 1B) . Moreover, the lower averthat it generalizes to other forms of bistabililty, including age rates of alternation are not simply the result of an KDE and binocular rivalry. Thus, for example, spontaneinitial, very long dominance duration followed by more ous fluctuations in perceived direction of rotation of a or less normal alternations. Rather, alternation rate is KDE globe were greatly reduced when the globe was slow throughout the entire viewing period, as evidenced intermittently visible; this stabilization of perception surby the results from a separate analysis showing that vived "off" periods lasting almost a minute. From these alternation rates during the first 30 s of the 2 min viewing results, Leopold and colleagues concluded that bistabilperiod did not differ from alternation rates during the ity reveals the operation of high-level interpretative profinal 30 s. cesses. Using a novel display procedure, we have disIt is reasonable to wonder to what extent this pattern covered another equally potent strategy for significantly of results varies with the rate of movement of the rival altering the dynamics of bistable perception. Specifitargets. Accordingly, we measured alternation rates for cally, binocular rivalry alternations can be substantially several speeds of motion of the rival targets (expressed slowed--and sometimes completely arrested for over in angular deg/s) ranging from 0 (i.e., stationary) to 36 half a minute--when the rival targets are continuously deg/s. Results from those measurements are shown in visible but move around the visual field. Similarly, per- Figure 1C , where it can be seen that alternation rate ceptual organization of an ambiguous KDE globe can varies with speed, within a limited range. It is worth be stabilized for extended periods by moving the comnoting that when moving at a speed of 12 deg/s (which ponent directions smoothly and continuously through is 2 rpm) a given rival target takes more than 5 s to move "direction space." While not disproving the involvement through a distance equivalent to the diameter of the of "high-level" influences in the resolution of perceptual target (i.e., a distance sufficient to bring that target onto ambiguity, these findings provide fresh evidence that a completely unstimulated region of the retina); 5 s is neural adaptation may also play an important role in considerably longer than the average duration of domicausing perceptual alternations.
nance for the three observers tested in this experiment when rival targets are stationary (average dominance Results duration ϭ 3.3 s). But when the rival targets move at 36 deg/s, the rival targets move onto "fresh" unadapted Binocular Rivalry retina in less than 2 s, a duration briefer than this average This first series of experiments measured the rate of dominance duration with static targets. These numbers alternations in binocular rivalry under several different are consistent with the idea that movement of the rival stimulus conditions. During 2 min observation periods, targets serves to minimize the contribution of local retiobservers maintained strict central fixation and used nal adaptation to reversals in perceptual state. keyboard buttons to track binocular rivalry between a Rival target movement per se is not responsible for radial grating viewed by one eye and a circular grating this pattern of results, as demonstrated by the results viewed by the other ( Figure 1A ). On some trials, the rival from two additional complementary experiments. In one targets moved smoothly in tandem around an imaginary experiment, observers used pursuit eye movements to circle centered on the fixation point, and on the retrack the rival targets as they moved around the virtual maining trials the targets remained stationary at a given circle, thereby maintaining the images of the targets on location on the circumference of that circle. During the approximately the same retinal locations throughout the viewing period. On other trials, the rival targets remained "movement" condition, the rival figures revolved around stationary at a given location on the virtual circle, and observers simply fixated on those targets. For both conditions, observers tracked rivalry during 2 min viewing periods. Results from this experiment (open squares, Figure 1 ) reveal that alternation rates were not different for the moving and stationary conditions, presumably because the rival targets remained imaged on the same retinal location in both conditions. Movement per se, in other words, does not slow rivalry alternations. In the complementary experiment, the rival targets remained stationary in the center of the display and the small fixation mark either moved at 6 rpm around the virtual circle (motion condition) or remained stationary at a given location (stationary condition). During 2 min observation periods, the observer tracked rivalry between the rival targets while staring at the fixation point. Results from two observers tested on these two conditions (open triangles, Figure 1) show that rivalry rate was slowed for the motion condition (which caused the images of the rival targets to move in a circular path around the point of fixation) relative to the stationary condition (which maintained the images of the rival targets at a given retinal location). So, the critical stimulus condition for producing reduced alternations is movement of the image of the rival targets on the retina, not just movement of the targets around the visual field. Do switches in rivalry state, when they do occur, tend to happen at a given location in their circular trajectory? For four observers, we repeated the rivalry alternation measurements using moving rival figures, this time al to the left of the fixation mark in one eye's display; the bullseye was situated at the same location in the other then to reemerge on the other side; the vivid impression of occlusion was achieved by smooth deletion of portions of both rival targets, as if they were passing underneath the edge of a wedge-shaped, opaque surface 1 s. The rival figures continued to move until both were again physically present in their entirety, at which point whose color was identical to the background. The region of occlusion was wider than the rival targets, so both they both were extinguished. The observer reported the identity of the rival figure that was perceptually dominant rival figures completely disappeared for approximately immediately after the pair completely reemerged from under the occluder. From these responses, we computed the probability of a switch in perceptual state during occlusion. We collected comparable responses on an equal number of trials where the rival targets never disappeared during their trajectory, which lasted the same duration as that associated with the occlusion condition. The probability of a switch in dominance was 0.18 when the rival targets remained continuously visible, which simply documents the relatively small likelihood that transitions will occur during movement. For trials on which the rival figures appeared to pass behind the occluder, the probability of a switch was 0.47. So, when the targets reappear in a location different from that associated with their disappearance, the initially visible target is just as likely to be the previously suppressed one as the one that had been dominant.
Thus, maintenance of rivalry dominance with movement does not survive the temporary disappearance of both targets. This observation stands in marked contrast to rivalry's behavior with stationary rival targets, where a given stimulus maintains dominance even when both rival figures are turned off for a short time and then turned on again (Leopold et al., 2002). We believe the key difference between these two situations has to do with whether or not the rival figures remain in the same location in the visual field during intermittent appearance. To test this conjecture, we measured the incidence of dominance switches under a condition where the rival targets themselves remained in the same retinal location before and after being temporarily occluded by a moving occluder (to envision this condition, simply reverse the roles of the occluders and the rival targets in Figure 3 ). The duration of disappearance was exactly If this conjecture is correct, we would predict that we turned to the reversible KDE globe whose direction of rotation is ambiguous and, therefore, bistable (Nawrot other manipulations designed to promote the engagement of unadapted neurons during extended viewing and Blake, 1991b). Specifically, we measured alternations in perceived direction of rotation of a "globe,"
should retard reversals in perceived direction of rotation of the KDE globe. In a final experiment, we tested this neural circuitry in visual cortex promotes perceptual persistence. After all, we know that neurons representing prediction using an entirely different strategy for minadjacent regions of the visual field are richly interconimizing the contribution of local neural adaptation to nected in ways that promote synergistic neural interacthe motion vectors defining the ambiguous globe. As a tions among those neurons activated by similar stimulus reminder, the ambiguous kinetic globe is defined by features (Gilbert, 1992) . Thus, when a given figure or dots moving transparently in opposite directions (at any stimulus interpretation is currently dominant, the neural given moment, half are moving leftward and half are activity associated with that figure could conceivably moving rightward). With that in mind, we reasoned that "prime" activity among neighboring neurons soon to be continuously varying the mean direction of those oppodirectly activated when that stimulus moves into their nent motion vectors should reduce the effects of adapreceptive fields. Alternatively, it is also possible that tation at any given direction of motion and, therefore, movement--itself being a potent grouping cue--reinslow fluctuations in the globe's configuration. Accordforces a given perceptual interpretation and, thereby, ingly, we had observers track changes in direction of promotes its continued visibility. Whatever force prorotation of a KDE globe whose angular degree of "wobmotes maintenance of perceptual dominance, it appears ble" centered on the vertical axis was varied randomly to be susceptible to temporary removal of the rival stimfrom trial to trial. The globe itself remained at the same uli, as shown by the occlusion experiment (Figure 3) . visual field location, and observers fixated the center of
The conclusion advanced here--movement minithe globe while tracking the two alternative directions mizes local neural adaptation and, therefore, retards of rotation during 1 min observation periods. 
